The authors conducted a cohort study of nonsteroidal antiinflammatory drug (NSAID) use and risk of symptomatic benign prostatic hyperplasia (BPH), using data from 4,735 men without BPH at baseline in the placebo arm of the Prostate Cancer Prevention Trial (1993Trial ( -2003. Incident BPH (n = 471) was defined as medical or surgical treatment or at least 2 International Prostate Symptom Score (I-PSS) values greater than or equal to 15. Proportional hazards models using time-dependent exposure for NSAID use were employed to estimate covariate-adjusted associations of NSAID-related medical conditions and NSAID use with BPH risk. Arthritis, other inflammation-related musculoskeletal conditions, and headaches were associated with increased BPH risk (hazard ratio (HR) = 1.77 (95% confidence interval (CI): 1.37, 2.29), HR = 1.57 (95% CI: 1.14, 2.17), and HR = 1.40 (95% CI: 1.09, 1.80), respectively). Use of any NSAID, use of aspirin, and use of nonaspirin NSAIDs were associated with significant increases in BPH risk (HR = 1.21 (95% CI: 1.01, 1.46), HR = 1.20 (95% CI: 1.00, 1.45), and HR = 1.34 (95% CI: 1.07, 1.69), respectively). Control for indications for NSAID use, including baseline I-PSS, attenuated the associations slightly, but all became nonsignificant. Among men with no indications for NSAID use, the hazard ratio for any NSAID use was 1.06 (95% CI: 0.82, 1.38). The modest associations of NSAID use with BPH risk in this cohort were probably due to confounding by indication, and NSAID use was not associated with BPH risk.
Benign prostatic hyperplasia (BPH) is one of the most common medical conditions among older men, affecting 40%-50% of 50-year-old men and up to 80% of men over age 70 years (1) (2) (3) . Symptomatic BPH is caused by two components: enlargement of the prostate and heightened tone in prostate smooth muscle, both of which can obstruct urinary flow. Although the pathophysiology of BPH is uncertain, it is likely that chronic inflammation either causes or exacerbates lower urinary tract symptoms. The evidence underlying an etiologic role of inflammation in BPH is based on laboratory studies (4, 5) , epidemiologic studies finding associations of biomarkers of chronic systemic inflammation with increased BPH symptoms (6) and incidence (7) , and pathologic studies finding associations of prostate tissue inflammation with increased risk of BPH symptom progression and a higher International Prostate Symptom Score (I-PSS) (8) . Treatment trials have found reduced BPH symptoms with nonsteroidal antiinflammatory drug (NSAID) monotherapy or improved treatment outcomes in combination with 5α-reductase inhibitors or α-adrenergic antagonists (9, 10) . It is therefore reasonable to hypothesize that use of antiinflammatory agents, such as aspirin and other NSAIDs, could reduce BPH incidence.
There have been few epidemiologic studies of NSAID use and BPH. St. Sauver et al. (11) reported that daily use of NSAIDs was significantly and inversely associated with several measures of BPH risk. In contrast, Meigs et al. (12) reported a nonsignificant 20% increased risk of BPH incidence associated with regular use of aspirin, Kang et al. (2) reported a significant 20% increased prevalence of BPH symptoms associated with both aspirin and ibuprofen, and Verhamme et al. (13) reported a significant 102% increased risk of incident acute urinary retention associated with cyclooxygenase 2 selective NSAIDs but no associations with other NSAIDs or aspirin. Overall, these findings are difficult to synthesize, because the studies used very different and often limited definitions of both BPH and NSAID use. Thus, whether or not NSAIDs are associated with BPH risk is uncertain.
NSAIDs are one of the most commonly used nonprescription drugs in the United States, and knowing whether they increase or decrease BPH risk is of considerable public health importance. Thus, we examined whether use of NSAID medications was associated with BPH risk, using data from the Prostate Cancer Prevention Trial. Our study had several unique strengths, including a definition of incident BPH based on BPH-specific medical treatments or significant, sustained elevations in I-PSS and the use of time-dependent NSAID exposure data in statistical models. We also examined whether the indications for NSAID use were associated with BPH risk and used these results to control for confounding by indication.
MATERIALS AND METHODS

Data were obtained from the Prostate Cancer Prevention
Trial (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , a randomized, placebo-controlled trial testing the use of finasteride for primary prevention of prostate cancer (14) . Briefly, 18,880 US men aged 55 years or older with a normal digital rectal examination, a prostatespecific antigen level of 3 ng/mL or less, no history of prostate cancer, and no severe BPH symptoms (defined as an I-PSS (15) of 20 or higher) were randomized to receive finasteride (5 mg/day) or placebo. Participants were followed for up to 7 years. Because finasteride is used for the treatment of BPH, these analyses were restricted to the 9,457 placebo arm participants. Men with BPH at baseline, defined as medical or surgical treatment for BPH (n = 735), self-reported medical history of BPH (n = 1,979), or an average I-PSS of 8 or more (n = 1,779), based on measurements taken at recruitment and randomization (3 months apart), were excluded, leaving 4,964 men eligible for this study.
Data collection
At baseline, data on age, race/ethnicity, physical activity, and history of smoking were collected using self-administered questionnaires, and height and weight were measured by clinic staff. Body mass index was calculated as weight (kg) divided by the square of height (m 2 ). Open-ended data on current medication use were collected by interview at baseline. New medication use was ascertained at each follow-up contact (6-month and annual clinic visits and every 3-and 9-month phone contact between clinic visits), during which participants were asked, "Have you started any new medications since we last talked with you?" For these analyses, NSAIDs included carboxylic acids (i.e., aspirin and salicylates), propionic acid derivatives (i.e., ibuprofen), acetic acid derivatives (i.e., sulindac), enolic acid derivatives (i.e., meloxicam), fenamic acid derivatives (i.e., meclofenamate), nonacidic compounds (i.e., nabumetone), and selective cyclooxygenase 2 inhibitors (i.e., celecoxib). Different classes of NSAIDs, specifically aspirin and nonaspirin NSAIDs, were considered separately as well as in combination. Only NSAID use for more than 6 months before diagnosis of BPH was considered exposure.
The presence of medical conditions was recorded as part of the physical examination at the recruitment visit; at each subsequent contact, participants were asked about the diagnosis of several medical conditions, followed by "Have you had other significant medical problems?" Participants were also asked about the condition being treated when reporting medication use. For these analyses, musculoskeletal and other painful conditions commonly associated with NSAID use were classified as "arthritis" (osteoarthritis, rheumatoid arthritis, arthralgia, or joint pain), "general musculoskeletal complaints" (muscular discomfort, pain or cramping, pulled muscles, tendonitis, bursitis, repetitive motion injuries, or carpal tunnel syndrome), "headaches," and "sciatica" (pinched nerve or sciatica). These disorders were grouped into "inflammatory musculoskeletal conditions" (arthritis and other chronic musculoskeletal pain), "noninflammatory musculoskeletal conditions" (general musculoskeletal complaints), and "neurologic conditions" (headaches or sciatica). The date on which a condition was first reported was used to define the start of exposure.
Extensive medical data, including participant-reported physician's diagnosis of and treatment for BPH, were collected at the baseline visit and at each subsequent contact. In addition, at recruitment, baseline, and each annual clinic visit, participants completed the I-PSS questionnaire, a 7-item self-administered questionnaire assessing the frequency of lower urinary tract symptoms (incomplete bladder emptying, frequent urination, intermittency, urgency, weak urinary stream, hesitancy, and nocturia) over the past month. The I-PSS is a validated and reliable quantitative instrument for measuring male urinary symptoms (16) , and it is the primary method by which BPH symptoms are assessed in clinical practice (16, 17) .
Definition of incident BPH
The definition of incident BPH used in this study was developed a priori, before initiation of analyses, by an expert committee of research urologists, epidemiologists, and statisticians. Incident BPH was defined as the first of either 1) surgical treatment (n = 36; 7.6%), 2) medical treatment (n = 214; 45.4%), or 3) sustained, clinically significant BPH symptoms (n = 221; 47%). Surgical treatment included transuretheral prostatectomy, balloon dilation, and laser or open prostatectomy. Medical treatments included 5-α-reductase inhibitors (finasteride) and uroselective α blockers (tamsulosin); use of nonspecific α blockers (doxazosin, prazosin, terazosin) was also considered as BPH treatment if a physician's diagnosis of BPH or elevated I-PSS measures (a single I-PSS value ≥15 or 2 I-PSS values ≥12) were reported preceding medication use. Men who reported use of nonspecific α blockers without concomitant evidence of BPH and men who reported a physician's diagnosis of BPH alone in the absence of treatment or symptoms were not included as having BPH events. We defined the onset of clinically significant BPH symptoms as the second report of an I-PSS greater than or equal to 15, consistent with prior publications (18, 19) .
Statistical methods
All analyses were based on the time between randomization and the estimated time of incident BPH or a censoring event. For cases defined by treatment (medical or surgical), incidence time was assigned as the date of treatment. If treatment date was not reported, incidence time was assigned as the midpoint between the prior quarterly visit and the visit at which BPH treatment was reported. For cases defined by BPH symptoms, incidence time was assigned as the midpoint between the second elevated I-PSS and the preceding I-PSS (most often the previous year). Noncases were censored at the time of 1) treatment with nonselective α blockers without evidence of BPH; 2) prostate cancer diagnosis; 3) the last recorded I-PSS; or 4) death, with a maximum time under study of 7 years.
All models examined aspirin alone (ignoring nonaspirin NSAIDs), nonaspirin NSAIDs alone (ignoring aspirin), and any NSAIDs, using the date of first reported use to define the start of exposure. When we lacked information on whether and when NSAID use stopped, we assumed that exposure was continuous until the censoring date. Poisson regression models were used to calculate relative risks and 95% confidence intervals for associations between medical conditions and NSAID use. In these analyses, we considered men to have a medical condition if it was reported anytime during the study, because these conditions are mostly of slow onset and are diagnosed only after symptoms become sufficiently severe to come to medical attention; similarly, NSAID users were defined as men using NSAIDs at any time during the study. Cox proportional hazards models with time-dependent exposure were used to calculate the relative hazards of incident BPH associated with medical conditions and NSAID use. All proportional hazards models were adjusted for age (years; continuous), race/ethnicity (Caucasian, African-American, Hispanic, other), and body mass index (continuous). Neither physical activity nor smoking affected results, and therefore neither was included in the final models.
For models of the association between NSAID use and BPH risk, two approaches were used to investigate the potential effect of confounding by indication. Because preexisting medical conditions could affect baseline urinary symptoms and NSAIDs are used to treat urinary symptoms, models were first controlled for baseline I-PSS and then, further, for medical conditions directly. Second, we created a set of dummy variables to capture all 8 possible combinations of medical conditions, and using their interaction with time-dependent NSAID use, we estimated associations within medical conditions. These analyses were restricted to the 4,735 men with available postrandomization follow-up and covariate data. All analyses were completed using SAS software, version 9.2 (SAS Institute Inc., Cary, North Carolina). A 2-sided P value less than 0.05 was considered statistically significant.
RESULTS
Distributions of participant characteristics at baseline, along with their unadjusted associations with BPH risk, are given in Table 1 . Participants were mostly white, nonsmokers, and overweight or obese. Almost 60% reported no physical activity or only light physical activity, and half reported I-PSS values of 3 or less. The overall incidence of BPH was 18.6 per 1,000 person-years. BPH incidence was highest in men aged 65 years or more and in men with a baseline I-PSS of 6 or 7.
A total of 2,889 men (61%) reported use of any NSAID during the trial; 42% used NSAIDs at baseline and 19% initiated use postbaseline. For aspirin and nonaspirin NSAIDs, the percentages of users were 40% and 3% at baseline, respectively, and 9% and 23% initiated use postbaseline. Only 11.6% of men reported using both aspirin and nonaspirin NSAIDs at any time during the trial.
All reported medical conditions that are indications for NSAID use were significantly associated with increased NSAID use ( Table 2 ). Both inflammation-related and noninflammation-related musculoskeletal conditions were associated with NSAID use; however, associations were weak or nonsignificant for aspirin and were much stronger and all significant for nonaspirin NSAIDs. Headaches and sciatica were significantly associated with nonaspirin NSAID use only. The counterintuitive observation that the associations of medical conditions with any NSAID use were intermediate in comparison with those for only aspirin use or only nonaspirin NSAID use was due to the different numbers of nonexposed men included in the these analyses: The analyses of aspirin considered nonaspirin NSAID users unexposed and, similarly, the analyses of nonaspirin NSAIDs considered aspirin users unexposed. Table 3 gives covariate-adjusted associations of medical conditions with the risk of incident BPH. All conditions with a certain or likely inflammatory component, including arthritis, other chronic musculoskeletal pain, and headaches, were associated with a significantly increased risk of BPH. The increased risk ranged from 40% for headaches to 77% for arthritis. Neither noninflammatory musculoskeletal complaints nor sciatica was associated with BPH risk. Table 4 gives the covariate-adjusted associations of NSAID use with risk of incident BPH. The results reported were controlled for age, race/ethnicity, and body mass index only (model 1), additionally controlled for baseline I-PSS (model 2), and additionally controlled for medical indications for NSAID use (model 3). In model 1, there were modest but statistically significant associations of NSAIDs with increased BPH risk. Use of any NSAID was associated with a 21% increase in risk, and increased risks associated with aspirin and nonaspirin NSAIDs were 20% and 34%, respectively. When baseline I-PSS and then medical indications for NSAID use were added as covariates to the statistical models, all associations were slightly attenuated; however, no association remained statistically significant. Results did not differ when models included both aspirin and nonaspirin NSAIDs (data not shown).
An additional set of analyses examined associations of any NSAID use with BPH risk in strata defined by all 8 possible combinations of inflammatory musculoskeletal, noninflammatory musculoskeletal, and neurologic conditions ( Table 5 ). The largest stratum included men who reported no indication for NSAID use, among whom there were no associations of NSAID use with BPH risk. There were elevated risks for BPH associated with aspirin and nonaspirin NSAID use among men reporting only inflammatory musculoskeletal conditions, men reporting only noninflammatory musculoskeletal conditions, and men reporting both; however, not all associations were statistically significant. The numbers of cases in other strata were small (<20), and the hazard ratios, though given in the table, had confidence intervals that were too large to allow interpretation.
DISCUSSION
In this large, prospective study of healthy men, we found no evidence that NSAID use was associated with reduced risk of incident, symptomatic BPH. Contrary to our expectations, NSAID use was associated with a statistically significant 23% increased risk of BPH, with similar associated risks for aspirin (29%) and nonaspirin NSAIDs (34%). However, statistical models that, to the best of our ability, controlled for confounding by medical indications for NSAID use yielded more nuanced results; these models suggested that the modest association of NSAID use with increased BPH risk in the total study sample was not causal but rather the result of confounding by indication. In pharmacoepidemiology, confounding by indication describes a situation in which the indications for medication use are also associated with the disease under investigation (20, 21) . This was most certainly true in this study, because all musculoskeletal conditions, as well as common painful neurologic conditions, were strongly associated with NSAID use. However, of these conditions, only those with a clear or likely inflammatory component were associated with BPH risk: The covariate-adjusted increases in the hazards of BPH ranged from 40% for headaches to 77% for arthritis. We used two approaches to control for confounding by indication.
In the first, we added baseline I-PSS and medical indications as covariates to statistical models. We controlled for baseline I-PSS, which was very strongly associated with BPH incidence, because it reflects preexisting subclinical lower urinary tract symptoms, which could be treated with Abbreviations: BPH, benign prostatic hyperplasia; CI, confidence interval; HR, hazard ratio; NSAID, nonsteroidal antiinflammatory drug. a A first report of medication use within 6 months of a BPH or censoring event was not considered exposure. b Results were adjusted for age, race/ethnicity, and body mass index. NSAIDs. The effects of adding these covariates were very small; for example, the hazard ratio for any NSAID use was reduced from 1.21 (P = 0.04) to 1.16 (P = 0.13). Nevertheless, all associations of NSAIDs with BPH risk were no longer statistically significant. In the second approach, we stratified findings by the presence or absence of medical conditions. Using this approach, there was no association of NSAID use with BPH risk among men reporting no medical indications. NSAID use was associated with a nonsignificant 67% increased risk of BPH among men with inflammationrelated musculoskeletal conditions only, suggesting that use of NSAIDs was reflecting the severity of these conditions and the likelihood that they would be treated with NSAIDs. If data were available on the severity and duration of medical conditions and on the dose of, duration of, and reasons for NSAID use, it would have been possible to better control for confounding by indication. However, using the data we had available, the evidence suggests that NSAID use does not substantially affect BPH risk.
Few previous studies have examined the use of NSAIDs and BPH risk, and each had characteristics that limit interpretation and make comparisons with our study difficult. Meigs et al. (12) reported an odds ratio of 1.2 (95% confidence interval: 0.8, 1.8) for the association of baseline aspirin use with cumulative incidence of BPH, defined as frequent or difficult urination or a physician's determination of an enlarged or swollen prostate, assessed a mean of 9 years postbaseline. However, given the nonspecific definition of BPH and the small number of aspirin users (n = 18; 1.3%) in that cohort, that study provides little support either for or against an association between NSAID use and BPH risk. In a cross-sectional study, Kang et al. (2) reported odds ratios of 1.2 (95% confidence interval: 1.1, 1.3) for the associations of regular aspirin and regular ibuprofen use during the previous year with a history of physician diagnosis of BPH; findings were similar using the endpoints of nocturia and history of BPH surgery. In this study, the temporal relations between NSAID use and BPH endpoints were uncertain, and the observed small increase in risk could be due to uncontrolled confounding by indication. Finally, St. Sauver et al. (11) reported significant inverse associations between NSAID use (primarily aspirin) and several indirect and direct measures of BPH in a cohort followed for over 12 years. Both the BPH endpoints and the statistical models used in the St. Sauver study differed substantially from those used in this study. In particular, St. Sauver et al. did not use time-varying exposures in their statistical models; instead, only men who used NSAIDs at baseline were considered exposed (11) . As a result, NSAID use that was initiated during the 12 years following baseline was not captured, and all BPH cases occurring among these men would have contributed to the incidence of BPH among men considered unexposed. This could have led to an artifactual inverse association, if either NSAIDs or indications for NSAID use were associated with increased risk in that cohort. The substantial analytical differences between our study and those described above underscore the substantial challenges of investigating NSAID use and BPH risk in observational studies.
This study had several strengths. A principal strength is the careful and comprehensive definition of BPH incidence, which was developed through consensus among a panel of research urologists, epidemiologists, and statisticians. Only men with no clinical history of BPH and I-PSS values indicative of insignificant or no lower urinary tract symptoms at baseline were included, and only surgical treatment, medication use specific to BPH, or repeated I-PSS values of 15 or above qualified as a BPH endpoint. We recognize that there are other causes of lower urinary tract symptoms not related to BPH (22) , but these are far less common causes of lower urinary tract symptoms than prostate hyperplasia, and we do not believe that they would substantially affect the interpretation of our BPH endpoint. Further, because men were screened annually by means of prostate-specific antigen testing and digital rectal examination, cancers detected during the study were almost all asymptomatic, and it is unlikely that cancer, rather than BPH, was the cause of elevated I-PSS values. Second, data on NSAID use were collected throughout the study (4 times per year) rather than at baseline alone, so we could capture use initiated postbaseline. Third, we identified and controlled for medical conditions that were associated with both NSAID use and BPH risk, and at least partly controlled for confounding by indication. Fourth, many characteristics of the Prostate Cancer Prevention Trial, including the large sample size and the emphasis on capturing prostate-related disease outcomes, contributed to the quality of data used in these analyses.
We also recognize many limitations of this study that should be considered when interpreting its results. First, we only captured the initiation of NSAID use, and therefore we had to assume that use continued thereafter. This is a reasonable assumption when NSAIDs are used to treat chronic conditions such as arthritis and headaches, but it may not be true for acute conditions such as muscle strain. Second, we did not capture data on NSAID dose and, particularly for aspirin, could not separate users of low-dose aspirin (81 mg) from users of regular aspirin (325 mg). It is likely that most of the men reporting aspirin use at baseline were using lowdose aspirin for heart disease prevention. Third, with the exception of aspirin at baseline, the collection of information on NSAID use and medical conditions was unstructured and subject to omission and error. Fourth, men were censored at the time of prostate cancer diagnosis. However, in a previous study, we reported no association of BPH with prostate cancer risk (23) ; therefore, this is unlikely to have biased the results. Fifth, there is no accepted, standard definition of incident BPH, and thus our study is not necessarily comparable to those previously published. Finally, there are limits to this study's generalizability. This was a study of older men that excluded a substantial proportion of participants who, at baseline, had already developed BPH or had I-PSS values above 7. In addition, participants in the Prostate Cancer Prevention Trial were healthy and well-educated men who were not representative of the racial, ethnic, social, or healthrelated characteristics of US men overall.
In conclusion, we found no evidence that use of NSAIDs reduces the risk of incident, symptomatic BPH. We observed a modestly increased risk of BPH among men using NSAIDs that could largely be explained by confounding by indication. We did find evidence that inflammatory musculoskeletal conditions such as arthritis were associated with increased BPH risk, which is consistent with other evidence suggesting an association of BPH with inflammation. Nevertheless, our findings suggest that use of antiinflammatory drugs has little impact on the development of BPH. Ultimately, only a randomized trial would be able to determine whether NSAIDs could prevent or delay clinical BPH; however, based on the current evidence, we believe that such a trial would not be well motivated.
